• » 

t* 

» » 

New PCT National Phase Application 

Docket No. 2691-000044/US 

REMARKS 

Claims 2-14 and 19-21 are now present in this 
application, with claims 1 and 15-18 being cancelled without 
prejudice or disclaimer of the subject matter contained 
therein. It should be noted that the amendments to original 
claims 3-14 of the present application are non-narrowing 
amendments, made solely to place the claims in proper form for 
U.S. practice and not to overcome any prior art or for any 
other statutory considerations. For example, amendments have 
been made to remove multiple dependencies in the claims and to 
place claims in a better U.S. form. 

CONCLUSION 

Accordingly, in view of the above amendments and remarks, 
an early indication of the allowability of each of claims 2-14 
and 19-21 in connection with the present application is 
earnestly solicited . 

Should there be any outstanding matters that need to be 
resolved in the present application, the Examiner is 
respectfully requested to contact Donald J. Daley at the 
telephone number of the undersigned below. 

If necessary, the Commissioner is hereby authorized in 
this, concurrent, and future replies, to charge payment or 
credit any overpayment to Deposit Account No. 08-0750 for any 
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additional fees required under 37 C.F.R. § 1.16 or under 37 

C.F.R. § 1.17; particularly, extension of time fees. 

Respectfully submitted, 

HARNESS, DICKEY & PIERCE, P.L.C. 



D JD / amp 



By : 





Donald J. Daley, RegV No. 3,4,313 



P.O. Box 8910 
Res ton, Virginia 2 0195 
(703) 668-8000 
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IN THE TITLE 

Please ensure the title reads as follows: 
SEPARATOR 
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IN THE ABSTRACT 

Please replace the Abstract with the attached revised 
Abstract located at the end of this document. 



i 

jAKOflec'd FGT/FTtt 1 1 MAY 2i» 

New PCT National Phase Application 

Docket No. 2691-000044/US 

SUBSTITUTE SPECIFICATION 



DESCRIPTION 

SEPARATOR AND METHOD FOR MANUFACTURING S EPARATOR 



Technical field 

* 

[0001] The present invention relates to a separator 
designed for use in a stack-type solid polymer fuel cell— 
ao well qq to a method for manufacturing the separator . 

Background art: 

[0002] The need for the effective use of limited energy 
resources, as well as the need for energy saving to prevent 
global warming, has hitherto become a matter of public 
awareness . To date energy needs have been served by means 
of thermal power generation; that is, by converting heat 
energy into electric energy. However, considering that 
coal and oil resources required for thermal power 
generation are limited in recoverable reserves , the demand 
for an alternative to such resources has augmented as a 
natural consequence. As one of new energy resources, 
attention is being given to a fuel cell for effecting 
chemical power generation with use of hydrogen for fuel. 

[0003] A typical fuel cell is composed of two electrodes, 
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namely an anode and a cathode, having sandwiched 
therebetween an electrolyte. In the cathode, supplied 
hydrogen is ionized to form hydrogen ion which travels 
through the electrolyte toward the anode. In the anode, 
supplied oxygen and the hydrogen ion having passed through 
the electrolyte react with each other to form water. As 
the electrons generated in accompaniment with the 
ionization of hydrogen are moved from the cathode to the 
anode through wiring, electric current is developed, thus 
generating electricity . 

[0004] The fuel cells are classified into four types 
depending upon the kind of electrolyte: a solid oxide type 
fuel cell (SOFC) using ion conductive ceramics as an 
electrolyte; a solid polymer electrolyte type fuel cell 
( PEFC ) using a hydrogen- ion conductive polymeric membrane 
as an electrolyte; a phosphoric acid type fuel cell ( PAFC ) 
using phosphoric acid in highly concentrated form as an 
electrolyte; and a molten carbonate type fuel cell (MCFC) 
using alkaline metal carbonate as an electrolyte. 
Recently, there has been brisk development on the solid 
polymer electrolyte fuel eel 1 (PEFC) in par ticular because 
of its relatively low operating temperature (80 S C) . 
[0005] The solid polymer electrolyte fuel cell is mainly 
composed of an electrolyte layer, a separator, and a power 
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collector plate. The electrolyte layer has a catalytic 
electrode formed on its surface. On both sides of the 
electrolyte layer is disposed the separator so as to 
sandwich the electrolyte layer. The separator is 

4 

provided with channels for the supply of hydrogen and 
oxygen. The power collector plate serves to collect 
electricity generated in the electrode. Not only the 
electrolyte layer but also the separator has been improved 
upon on a repeated basis. 

[0006] The requirements to be fulfilled by the separator 
include: high electrical conductivity; high hermeticity 
against fuel gas and oxidizer gas; and high resistance 
to corrosion by oxidation-reduction reaction products of 
hydrogen as well as oxygen. 

[0007] In order to constitute a separator such as that 
which satisfies the above stated requirements, the 
following materials have been used. One of the most 
frequently used materials is fine-grained carbon which 
is excellent in electrical conductivity, corrosion 
resistance, and mechanical strength, and is also higher 
in workability and lighter in weight. However, the • 
fine-grained carbon is susceptible to oscillation and 
shock and needs to be subjected to cutting process, which 
leads to an undesirable increase in the processing cost. 
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It is also necessary to perform additional treatment 
thereon to attain impermeability to gaseous substances. 
[0008] As synthetic resin materials , heat -hardening resin 
such as phenol resin and epoxy resin has been in general 
use. The synthetic resin, although it is advantageous 
in terms of cost reduction, offers poor dimensional 
stability and low electrical conductivity. 
[0009] Metal materials have also been coming into wider 
use from the standpoints of electrical conductivity, 
workability, and hermeticity. In general, titanium and 
stainless are used. However, the negative side is that 
metal is susceptible to corrosion, and, in a separator 
made of metal , metal ion tends to be taken in an electrolyte 
membrane, which results in deterioration in ion 
conductivity . In order to avoid this , the separator needs 
to have its surface plated with gold. 

[0 010] The last example is rubber materials . For example, 
ethylene-propylene-diene rubber is preferably used. 
Rubber is low in gas permeability but high in sealability . 
[0011] Japanese Unexamined Patent Publication JP-A 
8-180883 (1996) discloses a solid polymer electrolyte fuel 
cell . This solid polymer electrolyte fuel cell employs , 
as a separator, a thin sheet made of such a metal material 
as lends itself to passivation in an atmospheric 
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environment, for example, stainless steel or titanium 
al loy . The metal thin sheet i s processed into a separator 
of predetermined configuration by means of press working . 
[0012 ] Moreover , Japanese Unexamined Patent Publication 
JP-A 2002-175818 discloses a separator designed for use 
in a fuel cell. This fuel cell separator has a rib formed 
at its outer edge to provide high rigidity, whereby the 
separator can be prevented from being warped when held 
by a sealing material. 

[0013] Further, Japanese Unexamined Patent Publication 
jp-A 2003-297383 also discloses a separator designed for 
use in a fuel cell. This fuel cell separator is 
constituted by a metal base sheet which has, on its one 
surface at least, a first resin layer and a second resin 
layer formed of an admixture of resin and an electrically 
conductive filler. The first resin layer exhibits a 
volume resistivity of 1 . 0 Q- cm or below. The second resin 
layer is smaller in volume resistivity than the first resin 
layer. In this way, the separator succeeds in providing 
enhanced power collecting capability, moldability, 
strength, and corrosion resistance. 

[0014] The separator constituted by a metal sheet, 
although it is excellent in workability, is susceptible 
to corrosion under the influence of oxygen gas. In such 
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a separator , metal ion is taken in an electrolyte membrane , 
which results in deterioration in ion conductivity. In 
order to avoid this, the separator needs to have its surface 
plated with gold. 

[0015] Moreover, the separator of conventional design has 
its outer periphery sealed with a sealing material such 
as an O-ring to prevent leakage of hydrogen gas, oxygen 
gas, and coolant. 

[0016] In the conventional constructions disclosed in JP-A 
8-180883 (1996) and JP- A 2 0 0 2 - 1 7 5 8 1 8 , a gasket i s di sposed 
in the vicinity of the separator to prevent leakage of 
reaction gas and coolant fluid. 

[0017] As described hereinabove , in the conventional fuel 
cells, there is a need to interpose a sealing material 
between the outer periphery of the separator and the cell . 
Furthermore, in terms of manufacturing process steps, 
after processing the separator into a desired shape, an 
additional step is required to fix a sealing material to 
the outer periphery of the separator or to form a sealing 
material by means of die molding , wi th the separator placed 
as a core . 

Disclosure of Invention 

[0018] An object of the invention is to provide a separator 
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that is excellent in workability and corrosion resistance— 
and a method — for manufacturing — the — ocpara tor . Another 
object of the invention is to provide a separator that 
allows a reduction in the number of constituent components 
of a fuel cell as well as a reduction in the number of 
manufacturing process steps. 

[0019] The invention provides a separator which is 
interposed between adjacent ones of a plurality of 
electrolyte assemblies each constructed of an electrolyte 
layer containing an electrolyte medium and a catalytic 
electrode disposed on a surface in a thickness-wise 
direction of the electrolyte layer, comprising^ 

^ a separating section for achieving separation 

between a fuel gas channel and an oxidizer gas channel; 
and 

a sealing section disposed along an outer periphery of 
the separator, for preventing leakage of fuel gas and 
oxidizer gas, the separating section and the sealing 
section being integrally formed with each other, 

wherein a region corresponding to the seal ing 

section is provided with a sealing projection which is 
formed so as to extend in parallel with the surface of 
the electrolyte assembly on which the catalytic electrode 
is formed, a vertex of which is brought into 
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pressure-contact with the electrolyte assembly under a 
resilient force, and 

a sectional profile of the sealing projection 

perpendicular to a direction in which fuel gas and oxidizer 
gas flow is arc-shaped. 

wherein — the — oepara t ing — section — and — the — scaling — 

section are — formed integrally with each other by means 

— plastic — do forma t i on — processing . 
[0020] According to the invention, the separator is 
designed to be interposed between the adjacent ones of 
a plurality of electrolyte assemblies each constructed 
of an electrolyte layer containing an electrolyte medium 
and a catalytic electrode disposed on a surface in a 
thickness-wise direction of the electrolyte layer. The 
separator is composed of: a separating section for 
achieving separation between a fuel gas channel and an 
oxidizer gas channel ; and a sealing section disposed along 
the outer periphery of the separator, for preventing 
leakage of fuel gas and oxidizer gas. 

[0021] A region corresponding to the sealing section is 
provided with a sealing projection which is formed so as 
to extend in parallel with the surface of the electrolyte 
assembly on which the catalytic electrode is formed, a 
vertex of which is brought into pressure-contact with the 
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electrolyte assembly under a resilient force, and a 
sectional profile of the sealing pro j ection perpendicular 
to a direction in which fuel gas and oxidizer gas flow 
is arc-shaped. 

— 3r& — thi 3 — conotruction , — the — scpara t ing — ocction — and — the 
scaling section arc formed integrally with each other by 
means — e^= — plastic — deformation processing — such — a-s — press 
working . 

[0022] This makes it possible to eliminate the need to 
prepare a sealing member such as an O-ring or a gasket 
that has conventionally been required to effect sealing, 
and thereby reduce the number of the constituent 
components of a fuel cell and also reduce the number of 
manufacturing process steps. 

@ 0 2 2 — The invention is characterized in that the separator 
■i-s — constituted — by — a — metal — plate . 

@02 3 — According — fere — the — invention , — being made — of a metal 
plate, the separator can be processed into a deformed state 
wi th — ease . 

The — invention — i-s — characterized — — that — the — 

separating section has a plurality of parallelly arranged 
U — shaped channels positioned in parallel with the surface 
e-f — the — electrolyte — as scmbly — e** — whi eh — the — catalytic — 
electrode — i-s — formed . 
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0 02 4 — The invention io charac t or i g cd in that the Dealing 
section hao a scaling projection formed oo ao to extend 
in parallel with the our face of the electrolyte assembly 
on which the catalytic electrode io — formed , — a vertex of 
whi eh — i-s — brought — into — pressure — contact — wi th — the — 
electrolyte — aoocmbly under — a — rcoilicnt — force . 
002 5 — The — invention — i^s — characterized — ±-h — that — the — 
separating ocction and the ooaling section arc formed by 
means — — press — working . 

0 02 6 — According to the invention, — the ocparating section 
has a plurality of parallclly arranged U — shaped channels 
positioned in parallel with the surface of the electrolyte 
as scmbly — o** — which — the — catalytic — electrode — ars — formed . — 
Moreover , — the — scaling — section has — a — scaling projection 
formed — s-e — a-s — fere — cxt end — in parallel — wi th — the — surface — e-f- 

* 

the electrolyte assembly on which the catalytic electrode 
4r-s — formed , — a — vertex — e-i — whi ch — ±s — brought — into — 
pressure — contact with the — electrolyte assembly under a 

resilient force. Further, the separating section and the 

scaling — section — are — formed — by — means — e-f — press — working . 
0027 — Thus , — in performing plastic deformation processing 
on the separator, — all that needs — to be done is simply to 
create — the — channel s — and — the — scaling — pro j cction . 
[0023] The invention provides a separator which is 
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interposed between adjacent ones of a plurality of 
electrolyte assemblies each constructed of an electrolyte 
layer containing an electrolyte medium and a catalytic 
electrode disposed on a surface in a thickness-wise 
direction of the electrolyte layer, comprising a 
separating section for achieving separation between a fuel 
gas channel and an oxidizer gas channel; and a sealing 
section disposed along an outer periphery of the separator, 
for preventing leakage of fuel gas and oxidizer gas, the 
separating section and the sealing section being 
integrally formed with each other, 

wherein a region corresponding to the sealing 
section is provided with a sealing projection which is 
formed so as to extend in parallel with the surface of 
the electrolyte assembly on which the catalytic electrode 
is formed, a vertex of which is brought into 
pressure-contact with the electrolyte assembly under a 
resilient force , and 

a sectional profile of the sealing projection 

perpendicular to a direction in which fuel gas andoxidizer 
gas flow is U-shaped or V-shaped . 

@ 0 2 9 — The invention io charac t cr i z cd in that the acparator 
i-s — cono ti tutcd — by — a — metal — plate . 

[ 0024 ] According to the invention, the separator is 
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designed to be interposed between the adjacent ones of 
a plurality of electrolyte assemblies each constructed 
of an electrolyte layer containing an electrolyte medium 
and a catalytic electrode disposed on a surface in a 
thickness-wise direction of the electrolyte layer. The 
separator is composed of: a separating section for 
achieving separation between a fuel gas channel and an 
oxidizer gas channel ; and a sealing section disposed along 
the outer periphery of the separator, for preventing 

leakage of fuel gas and oxidi z er gas . In this con at ruction , 

the separating acction and the scaling section arc formed 
integrally — wi th — each — other . 

[0025] According — fere — the — invention , — the — separator — i-s — 

constituted by — a metal — plate . 3Ha — the — separator , — Tthe 

region corresponding to the sealing section is provided 
with a sealing projection which is formed so as to extend 
in parallel with the surface of the electrolyte assembly 
on which the catalytic electrode is formed, the vertex 
of which is brought into pressure-contact with the 
electrolyte assembly under a resilient force , and a 
sectional profile of the sealing projection perpendicular 
to a direction in which fuel gas and oxidizer gas flow 
is U-shaped or V-shaped . 

[0026] This makes it possible to eliminate the need to 
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prepare a sealing member such as an O-ring or a gasket 
that has conventionally been required to effect sealing, 
and thereby reduce the number of the constituent 
components of a fuel cell and also reduce the number of 
manufacturing process steps. 

[ 0 027 ] The invention is characterized in that the 
separating section and the sealing section are formed 
integral lywith each other by means of plastic deformation 
processing . 

[0028] According to the invention, since the separating 
section and the sealing section are formed integrally with 
each other, it is possible to reduce the number of 
manufacturing process steps. 

[ 0 02 9 ] The invention is characterized in that the 
separator is constituted by a metal sheet. 
[0030] According to the invention, the separator is 
constituted by a metal sheet, so that it is possible to 
perform plastic deformation processing with ease. 
[0031] The invention is characterized in that the 
separating section has a plurality of parallelly arranged 
U-shaped channels positioned in parallel with the surface 
of the electrolyte assembly on which the catalytic 
electrode is formed. 

[0032] The invention is characterized in that the 
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separating section and the sealing section are formed by 
means of press working. 

[003 3] According to the invention, the separating section 
has a plurality of parallelly arranged U-shaped channels 
positioned in parallel with the surface of the electrolyte 
assembly on which the catalytic electrode is formed. 
Further, the separating section and the sealing section 
are formed by means of press working. 

[0034] Thus , in performing plastic deformation processing 
on the separator, all that needs to be done is simply to 
create the channels and the sealing projection. 

[0035] The invention is characterized in that the sealing 
projection has, at least in its area to be contacted by 
the electrolyte layer, a high polymer elastic layer formed 
of an elastic body. 

[0036] According to the invention, the sealing projection 
has , at least in its area tobe contacted by the electrolyte 
layer, a high polymer elastic layer formed of an elastic 
body. This helps improve the sealability even further. 

[0037] The invention is characterized in that the high 
polymer elastic layer has a width ranging from 1 to 10 
mm and a thickness ranging from 1 to 100 ym. 

[0038] According to the invention, the high polymer 
elastic layer, although it is formed in a limited space, 
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makes it possible to attain sufficiently high sea lability . 
[0039] The invention is characterized in that two or more 
pieces of the sealing projections are provided, with their 
vertices abutted against the electrolyte layer, and that, 
given that the location of abutment between the vertex 
and the electrolyte layer is imaginarily indicated by an 
abutment line, the two or more abutment lines are arranged 
in parallel with each other. 

[0040] According to the invention, it is possible to 
improve the sealability even further. 

[0041] The invention is characterized in that the 
separator has an auxiliary projection analogous to the 
sealing projection formed in the region other than the 
sealing section and the separating section, and that the 
auxiliary projection is disposed in such a way as to make 
uniform the distribution of contact pressure which occurs 
between the separator and the electrolyte assembly at the 
time of assembly of the fuel cell including the separator. 

[0042] According to the invention, it is possible to avoid 
any inconvenience such as improper contact which occurs 
between the separator and the electrolyte assembly due 
to for example tilting of the separator in the course of 
assembly . 

The invention is characterized in that providco — a — 
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separator which is — interposed between adjacent onco of 
a plurality of — electrolyte assemblies each constructed 
of an electrolyte layer containing an electrolyte medium 
and — a — catalytic — electrode — disposed — enrt — a — surface — i-n — a — 
thickness — wise — direction — e-f — the — electrolyte — layer , — 
compr i s ing = 

a-thjs separating section is formed of a metal sheet 

for achieving separation between a — fuel — gas — channel and 
ett — oxidi zcr — gas — channel , 

[0043] wherein and the metal sheet has its surface 

coated with a rubber- or synthetic resin-made coating 
layer . 

[ 0044 ] According to the invention, the metal sheet has 
its surface coated with a rubber- or synthetic resin-made 
coating layer. This makes it possible to produce a 
separator which is excellent in workability and corrosion 
r es i stance . 

[0045] The invention is characterized in that the rubber 
or synthetic resin ma tor ial contained in the coating layer 
exhibits electrical conductivity. 

[0046] According to the invention, the rubber or synthetic 
resin material — contained in the coating layer exhibits 
electrical conductivity, wherefore a DC power generated 
in the electrolyte assembly can be taken out and collected 
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by way of the separator. 

[0047] The invention is characterized in that the coating 
layer is so formed as to cover the surface of the metal 
sheet, with an adherent layer or a surf ace- treated layer 
lying therebetween . 

[0048 ] According to the invention, the coating layer is 
so formed as to cover the surface of the metal sheet, with 
an adherent layer or a surf ace- treat ed layer lying 
therebetween. In a case where the adherability of the 
coating layer and the metal sheet is found to be low, the 

« 

insertion of the adherent layer or surf ace- treated layer 
is effective. The surf ace- treated layer is formed by 
removing the oxide film deposited on the surface of the 
metal sheet or by sub j ec t ing the surface of the metal sheet 
to surface roughing treatment. Through the 
surf ace- treated layer thus obtained, the coating layer 
can be formed on the surface of the metal sheet . Moreover, 
in the case of using a rubber material to form the coating 
layer, as an adhesive for use, a tr iazinethiol- or 
polyaniline-base compound is desirable. The 
triaz inethiol -base compound is diffused around the 
surface of the metal sheet, thereby forming the adherent 
layer. The adherent layer thus obtained allows adhesion 
of the metal sheet to the rubber material . Another 
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advantage is that the triazinethiol-base compound 
exhibits electrical conductivity, wherefore the DC power 

■ 

generated in the electrolyte assembly can be taken out 
and collected by way of the separator. 

[0049] The invention is characterized in that in a region 
of the coating layer which makes contact with the 
electrolyte assembly is formed a high conductive layer 
that is higher in electrical conductivity than the coating 
layer . 

[005 0] According to the invention, it is possible to reduce 
the contact resistance between the separator and the 
electrolyte assembly . 

0048 — The — invention provides a method for manufacturing 
a separator which is interposed between adjacent ones of 
a plurality of — electrolyte assemblies — each constructed 
of an electrolyte layer containing an electrolyte medium 
and — a — catalytic — electrode — di opoocd — en — a — surface — i-n — a — 
thickness — wise direction of the electrolyte layer — ; — the 
separator having a separating section formed of a metal 
plate for achieving separation between a fuel gas channel 
and — an — oxidizer — gas — channel , — the — method — comprising : 

a processing — stop — for — sub j ec ting — the metal — plate 

to plastic deformation processing to form the separating 
section ; — and 
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a coating atop — for applying a rubber or synthetic 

resin material on the surface of the deformation — processed 
metal — plate — fere — form a — coating — layer . 

80 4 9 — The invention provides a method for manufacturing 

* 

a separator which is interposed between adjacent onco of 
a plurality of — electrolyte assemblies — each constructed 
of an electrolyte layer containing an electrolyte medium 
and — a — catalytic — electrode — disposed — a** — a — surface — i-ft — a — 
thicknes s — wise direction of — the electrolyte — layer , — the 
separator having a separating section formed of a metal 
plate for achieving separation between a fuel gas channel 
and — enri — oxidi zcr — gas — channel , — the — method — compr i sing : 

a — coating stop — for applying a rubber or — synthetic 

resin material on the surface of the metal plate to form 
a — coating — layer ; — and 

a — processing — step — for — sub j oc t ing — the — metal — plate 

having — the — coating — layer — formed — thereon — tre — plastic — 
deformation processing to — form the — separating — section . 
@ 0 5 0 — According — t-e — the — invention , — the — separator — ±s — 

produced — — the — following manner. A-fc — the — outset , — a-s — a- 

processing step, — the metal plate is subjected to plastic 
deformation processing to — form the — separating — section . 
@051 — Next , — a-s — a — coating — otcp, — fcrhe — surface — e-£ — the — 
deformation processed metal plate is coated with a rubber 
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or oynthctic rooin material — fere — form the coating layer. 
@ 052 — In the alternative, at the outset, as a coating otcp, 
the ourfacc of — the metal plate — i-s — coated with a rubber 
e-a? — synthetic — rooin material — fe-e — form the — coating — layer . 
Next , — a-s — a proccooing — step , — the metal — plate having — the 
coating — layer — formed — thereon — i-s — aub j oc ted — fe-e — plastic — 
deformation proccooing to — form the separating section. 
@ 0 5 3 — — thi o — way , — a — separator which — is excellent — in 
workability and corrosion resistance can be produced in 
a — simple — fashion . 

@05 4 — From the productivity standpoint in particular, the 
manufacturing method for conducting the processing step 
and the coating otcp successively in this order is suitable 

#e^f — l-ew to middle volume production, — whereas — the 

manufacturing method for conducting the coating step and 
the processing step successively in this order is suitable 
for — hi gh — volume — production . 

@ 0 5 5 — The invention is character i zed in that the method 
for manufacturing a separator further comprises a step 
#e-ir — forming a high conductive — layer — in a region of — the 
coating layer which makes contact with the electrolyte 
assembly , — fehre — high conductive — layer being higher — in 
electrical conductivity than — fefee — coating — layer . 
005 6 — According to the invention, it is possible to reduce 
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the — contact — rcoiotancc — between — the — separator — and — the — 
electrolyte — aoocmbly . 

Brief Description of Drawings 

[0051] Other and further obj ects , features, and advantages 
of the invention will be more explicit from the following 
detailed description taken with reference to the drawings 
wherein : 

Fig . 1 is an exploded perspective view schematically 
showing a polymer electrolyte fuel cell (abbreviated as 
PEFC) 10 0; 

Fig. 2 is a horizontal sectional view of a unit cell 
101 including a separator 1; 

Fig. 3 is a view of assistance in explaining the 
shape of a sealing section 14 designed for generating a 
resilient force; 

Fig. 4 is a schematic view showing the unit cell 

101 as seen from a side; 

Fig. 5 is an enlarged view of a first embodiment, 
illustrating the main portion of the sealing section 14; 

Fig. 6 is an enlarged view of the first embodiment, 
illustrating the main portion of a separating section 13 ; 

Fig. 7 is an enlarged view of a second embodiment, 
illustrating the main portion of the sealing section 14; 
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Fig. 8 is an enlarged view of a third embodiment, 
illustrating the main portion of the separating section 
13; 

Fig. 9 is an enlarged view of the third embodiment, 
illustrating the main portion of the sealing section 14; 

Fig. 10 is an enlarged view of a fourth embodiment, 
illustrating the main portion of the sealing section 14; 

Fig. 11 is an enlarged view of a fifth embodiment, 
illustrating the main portion of the separating section 
13; 

Fig. 12 is an enlarged view of the fifth embodiment, 
illustrating the main portion of the sealing section 14; 

Fig. 13 is an enlarged view of a sixth embodiment, 
illustrating the main portion of the sealing section 14; 

Fig. 14 is an enlarged view of a seventh embodiment, 
illustrating the main portion of the separating section 
13 ; 

Fig. 15 is a horizontal sectional view of the unit 
cell 101 including the separator 1 in accordance with 
another embodiment of the invention; 

Fig. 16 is a horizontal sectional view of the unit 
cell 101 including the separator 1 in accordance with still 
another embodiment of the invention; 

Fig. 17 is a horizontal sectional view of a unit 
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cell 102 including a separator la; 

Fig. 18 is an enlarged view of an eighth embodiment, 
illustrating the main portion of a sealing section 14a; 

Fig. 19 is an enlarged view of a ninth embodiment, 
illustrating the main portion of the sealing section 14a; 

Fig. 20 is an enlarged view of a tenth embodiment, 
illustrating the main portion of the sealing section 14a; 
and 

Fig. 21 is a schematic view showing the unit cell 
101 as seen from a side. 

Best Mode for Carrying out the Invention 
[0052] Fig. 1 is an exploded perspective view 
schematically showing a polymer electrolyte fuel cell 
(PEFC for short) 100. The PEFC 100 is composed of: a 
separator 1; a fuel cell 2; a power collector plate 3; 
an insulating sheet 4; an end flange 5; and an electrode 
wiring 12. The PEFC 100 is constructed such that a 
plurality of the fuel cells 2 are connected in series with 
one another to form a so-called stack cell structure 
capable of providing high-voltage and high-output 
characteristics. In order to constitute the stack cell 
structure, the separator is interposed between the 
adjacent fuel cells 2 to effect the supply of hydrogen 
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and oxygen to each of the fuel cells 2 , as well as to collect 
generated electricity. Accordingly, as shown in Fig. 1, 
the fuel cells 2 and the separators 1 are arranged in an 
alternating manner. In the stack cell structure, the 
separator 1 is arranged as an outermost layer. Outside 
the separator 1 is arranged the power collector plate 3 
to which the electrode wiring 12 is connected. The 
electricity collected in each of the separators 1 is 
accumulated in the power collector plate 3, thereby 
achieving electric power production. The insulating 
sheet 4 is interposed between the power collector plate 
3 and the end flange 5 to prevent electric current from 
leaking from the power collector plate 3 to the end flange 

5. The end flange 5 serves as a casing for keeping a 
plurality of the fuel cells 2 in a stack cell state. 
[0053] In the end flange 5 are formed a hydrogen gas inlet 

6, a coolant inlet 7, an oxygen gas inlet 8, a hydrogen 
gas outlet 9 , a coolant outlet 10 , and an oxygen gas outlet 
11 . A gaseous substance as well as a water fluid supplied 
through the inlet flows over a forward path penetrating 
in the direction in which the fuel cells 2 are stacked 
on top of one another so as to reach 

the outermost separator 1, then turns back to flow over 
a backward path, and is eventually discharged from the 
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outlet . 



[0054] The forward and backward paths are formed in a 
branched state in each of the separators 1. A fluid 
flowing over the forward path is allowed to flow into the 
backward path through channels formed in the separator 
1 in parallel with the direction of the surface of the 
fuel cell 2 . Hydrogen gas as well as oxygen gas is consumed 
in the fuel cell 2, wherefore unreacted gas is discharged 
through the backward path. The discharged unreacted gas 
is collected so that it can be supplied through the inlet 
once again. In the vicinity of the oxygen gas channel, 
oxygen and hydrogen react with each other to form water. 
Therefore, discharged oxygen gas contains water. The 
discharged oxygen gas cannot be re-supplied without 
removing the water contained therein. 

[0055 ] Hydrogen gas and oxygen gas, namely fuel gas and 
oxidizer gas, do not necessarily have to be gas consisting 
solely of hydrogen and gas consisting solely of oxygen, 
respectively. That is, the gas for use may contain a 
gaseous substance other than hydrogen and oxygen so long 
as the channel is free from quality degradation or 
degeneration through contact with the gas. For example, 
nitrogenous air can be used as oxygen gas. Moreover, the 
source of hydrogen is not limited to hydrogen gas, but 
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may be of another gaseous substance such as methane gas, 
ethylene gas, and natural gas. The use of ethanol or the 
like substance is also possible. 

[0056] Fig. 2 is a horizontal sectional view of a unit 
cell 101 including the separator 1. The unit cell 101 
is composed of a single fuel cell 2 with two pieces of 
the separators 1 arranged on both sides. The unit cell 
101 refers to a minimum unit of a cell capable of generating 
electricity through the supply of hydrogen and oxygen. 
[0057] The fuel cell 2, namely an electrolyte assembly 
is composed of a high polymer membrane 20 acting as an 
electrolyte medium and a catalytic electrode 21 formed 
on the surface of the high polymer membrane 2 0 in its 
thickness-wise direction. The fuel cell 2 is also 
referred to as MEA (Membrane Electrode Assembly) . 
[0058] The high polymer membrane 20 is formed as a 
proton-conducting electrolyte membrane through which 
hydrogen ion (proton) is allowed to pass. In general, 
a perfluoro sulfonic acid resin membrane (for example, 
Nafion (tradename) manufactured by Du pont Co . , Ltd.) is 
preferably used. 

[0059] The catalytic electrode 21 is stacked on the 
thickness-wise surface of the high polymer membrane 20 
as a carbon layer containing catalytic metal such as 
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platinum and ruthenium. When the catalytic electrode 21 
is supplied with hydrogen gas and oxygen gas, an 
electrochemical reaction takes place at the interface 
between the catalytic electrode 21 and the high polymer 
membrane 20, thus generating DC power. 

[0060] The high polymer membrane 20 is approximately 0.1 
mm in thickness. The catalytic electrode 21 has, 
depending upon the kind of catalytic metal contained 
therein, a thickness of several pm. 

[0061] The separator 1 is composed of a separating section 
13 for achieving separation between a hydrogen gas channel 
and an oxygen gas channel, and a sealing section 14 for 
preventing leakage of hydrogen gas and oxygen gas. In 
the present embodiment, to be exact, the catalytic 
electrode 21 is not so formed as to cover the entire surface 
of the high polymer membrane 20, but is formed in a manner 
such that the high polymer membrane 20 is partly exposed 
at the outer periphery in a range of from 1 to 20 mm, more 
preferably 5 to 10 mm in width. In the separator 1, the 
separating section 13 is formed in the region positioned 
face to face with the catalytic electrode 21, whereas the 
sealing section 14 is formed in the region positioned face 
to face the exposed part of the high polymer membrane 20. 
[0062] A platy thin metal is used as a principal material 
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to form the separator 1. For example, it is preferable 
to use a metal thin sheet made of iron, aluminum, or 
titanium. Especially a stainless ( SUS 304, for example) 
steel sheet, a SPCC (cold-rolled steel sheet for general 
purposes ) , and an anti-corrosion steel sheet are desirable . 
In the case of using a stainless steel sheet, there is 
a need to perform surface treatment thereon, for example, 
acid pickling, electrolytic etching, electrically 
conductive medium inclusion , BA coating formation, or ion 
plating process for coating an electrically conductive 
compound. It is also possible to use a highly 
corrosion-resistant stainless steel sheet having a 
hyperfine crystalline structure. 

[0063] By subjecting such a metal thin sheet as mentioned 
just above to plastic deformation processing , for example , 
press working, it is possible to form the separating 
section 13 and the sealing section 14 in a single piece 
construction. Note that it is preferable to perform BH 
(Baked Hardening) treatment after the completion of the 
press working from the standpoint of enhancement in heat 
resistance . 

[0064] The separating section 13 has a plurality of 
parallelly arranged channels positioned in parallel with 
the surface on which the catalytic electrode 21 is formed. 
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The channel has a concavely curved, U-shaped sectional 
profile when viewed in a direction perpendicular to the 
direction in which a gaseous substance flows . The channel 
is composed of a partition wall 15 and an electrode contact 
wall 16. A space surrounded by the partition wall 15, 
the electrode contact wall 1 6 , and the catalytic electrode 
21 constitutes a hydrogen gas channel 17 as well as an 
oxygen gas channel 18. The hydrogen gas channel 17 and 
the oxygen gas channel 18 are partitioned off by the 
partition wall 15 to avoid mixing of hydrogen gas and oxygen 
gas. The electrode contact wall 16 makes contact with 
the catalytic electrode 21 to take out the DC power 
generated at the interface between the high polymer 
membrane 20 and the catalytic electrode 21 as a DC current . 
The DC current thus obtained is allowed to pass through 
the partition wall 15 and another electrode contact wall 
16, and is then collected by the power collector plate. 
[0065] The adjacent channels are formed in a manner such 
that their open faces are oriented in opposite directions . 
In conformity therewith, the hydrogen gas channel 17 and 
the oxygen gas channel 18 are arranged side by side. That 
is, the arrangement of gas passages are so adjusted that 
any catalytic electrode 2 1 portion makes contact only with 
predetermined one and the same gaseous substance. 
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Moreover, as shown in Fig. 2, the two separators 1 for 
constituting a single unit cell 101 are so arranged that 
the openings of the channels of one separator 1 confront 
their corresponding openings of the channels of the other 
separator 1 , with the fuel cell 2 lying therebetween . That 
is, the two separators 1 are disposed in 

surface-symmetrical relation to each other with respect 
to the center of the fuel cell 2. However, such a 
surface-symmetrical relation does not hold true for the 
arrangement of the gas channels. They are so arranged 
that given two channels placed on the opposite sides of 
the fuel cell 2 deal with different gaseous substances. 
For example, as shown in Fig. 2, of the two gas channels 
placed on the opposite sides of the fuel cell 2, one acts 
as the hydrogen gas channel 17 and the other acts as the 
oxygen gas channel 18. 

[0066] Thus arranged, the separators 1 with the gas 
channels allow electric power production. 
[0067] The substances to be supplied to the flow passage 
constituted by the channel and the catalytic electrode 
21 are not limited to hydrogen gas and oxygen gas, but 
may be of another substance such as coolant. In the case 
of using coolant, it is preferable to pass the coolant 
through both of the channels placed on the opposite sides 
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of the fuel cell 2 . 

[0068] The sealing section 14 is provided with a sealing 
pro j ection extending in parallel with the surface on which 
the catalytic electrode 21 is formed. The sealing 
projection has a fir inverted U-shaped or inverted V-shaped 
sec t i onal profile when vi ewed in a direction perpendi cular 
to the direction in which a gaseous substance flows. A 
vertex 19 of the sealing projection is brought into 
pressure- contact with the exposed part of the high polymer 
membrane 20 under a resilient force. At the position of 
contact therebetween, sealing is effected to prevent 
leakage of hydrogen gas and oxygen gas. Moreover, by 
imparting an inverted U-shaped or inverted V-shaped 
configuration to the sealing projection, it is possible 
to reduce the area of contact between the vertex 19 and 
the high polymer membrane, and thereby achieve a 
high-pressure sealing effect as achieved in the case of 
using an 0-ring . 

[0069] In order to bring the vertex 19 of the sealing 
projection into pressure-contact with the high polymer 
membrane 20 successfully under a resilient force, the 
sealing section 14 is formed in a manner such that, when 
the separator 1 is kept out of contact with the high polymer 
membrane 20, namely when the PEFC 1 is in its yet-to-be 
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assembled condition, the vertex 19 of the sealing 
projection extends beyond the position of contact with 
the high polymer membrane 20 in contrast to the case where 
the PEFC 1 is in its assembled condition. More 
specifically, as shown in Fig. 3A, when the PEFC 1 is in 
its assembled condition, the vertex 19 of the sealing 
projection assumes a position such that, with respect to 
a virtual surface A of contact with the catalytic electrode 
21, the distance between the vertex 19 and the surface 
of contact with the catalytic electrode 21 is defined by 
tl, which is equivalent to the thickness of the catalytic 
electrode 21. Accordingly, as shown in Fig. 3B, when the 
PEFC 1 is in its yet-to-be assembled condition, the vertex 
19 of the sealing projection assumes a position such that 
the distance between the vertex 19 and the surface of 
contact with the catalytic electrode 21 is defined by t2 , 
which is larger than the value tl . Since the junction 
between the separating section 13 and the sealing 
projection acts as a spring, it follows that the pressure 
force under which the vertex 19 is brought into contact 
with the high polymer membrane in accompaniment with the 
assembly process is dependent upon a resilient force 
exerted by the spring and the area of contact. In 
accordance with Hooke's law, the resilient force is 
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obtained by multiplying a spring constant (elastic 
constant) by the amount of displacement . In the separator 
1, the spring constant is determined according to the 
material of the separator 1 and the shape of the sealing 
section 14, and the amount of displacement is given by: 
At = t2 - tl. Therefore, by making changes to the value 
t2 at the time of press working, with the spring constant 
determined in consideration of the predetermined 
separator's material and sealing section's shape, it is 
possible to adjust the sealing pressure with ease. It 
is needless to say that changes may be made in the 
separator's material as well as in the sealing section's 
shape for the purpose of attaining an optimal sealing 
pr es sur e . 

[0070] As described previously, the two separators 1 
having sandwiched therebetween the fuel cell 2 are 
disposed in surface-symmetrical relation to each other. 
Correspondingly, the pressure-contact positions of the 
two vertices 19 are disposed in sur face- symmetrical 
relation to each other with respect to the center of the 
fuel cell 2 . By arranging the pressure-contact positions 
of the two vertices 19 face to face with each other, it 
is possible to improve the sealability. Note that the 
above stated BH treatment makes it possible to retard 
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stress alleviation in the sealing section 14, and thereby 
maintain the improved sealability. 

[0071] Fig. 4 is a schematic view showing the unit cell 
101 as seen from a side. The unit cell 101 has the 
separating section 13 formed in the midportion thereof, 
and has the sealing section 14 formed along the outer 
periphery thereof. In Fig. 4, specifics on the 
configurations of the separating section 13 and the 
sealing section 14 are omitted. In the sealing section 
14, the vertex 19 of the sealing projection is kept in 
abutment with the high polymer membrane 20 . The position 
of the abutment is imaginarily expressed by an abutment 
line, namely a seal line L. By forming the seal line L 
so as to surround the separating section 13 , it is possible 
to avoid leakage of hydrogen gas and oxygen gas. 
[0072] Moreover, as shown in the horizontal sectional view 
of Fig. 2, the sealing section has , in its outer peripheral 
region outwardly of the vertex 19 of the sealing pro j ec tion , 
another vertex 19a which is brought into abutment with 
an adjoining fuel cell to effect sealing. This helps 
improve the sealability even further. The seal line 
associated with the vertex 19a and the seal line associated 
with the vertex 19 are located parallely side by side. 
[0073] Fig. 5 is an enlarged view of a first embodiment, 
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illustrating the main portion of the sealing section 14. 
In the first embodiment, the separator 1 is constituted 
by a metal thin sheet 30. In the sealing section 14, the 
metal thin sheet 30 makes contact with the high polymer 
membrane 20 to effect sealing. 

[0074] Fig. 6 is an enlarged view of the first embodiment, 
illustrating the main portion of the separating section 
13. In the separating section 13, the metal thin sheet 
30 makes contact with the catalytic electrode 21 to take 
out the DC power generated at the interface between the 
high polymer membrane 20 and the catalytic electrode 21 
as a DC current. The DC current thus obtained passes 
through the interior of the separator 1 so as to be 
collected by the power collector plate. 

[0075] Fig. 7 is an enlarged view of a second embodiment, 
illustrating the main portion of the sealing section 14. 
Also in the second embodiment, the separator 1 is 
constituted by a metal thin sheet 30. The second 
embodiment is different from the first embodiment in that, 
in the sealing section 14, the sealing projection has, 
in its area to be contacted by the high polymer membrane 
20, a high polymer elastic layer 40 which is brought into 
abutment with the high polymer membrane 20 to effect 
sealing . 



New PCT National Phase Application 

Docket No. 2691-000044/US 

[0076] In this construction, higher- than- ever 
sealability can be attained, wherefore it is no longer 
necessary to prepare a sealing member such as an 0-ring 
or a gasket that has conventionally been required to effect 
sealing properly. This makes it possible to reduce the 
number of the constituent components of the fuel cell, 
as well as to reduce the number of manufacturing process 
steps . 

[ 0077 ] Moreover , the sealing projection thus designed, 
although the high polymer elastic layer 40 thereof is made 
thin-walled, is capable of offering satisfactory sealing 
capability, wherefore the degree of stress alleviation 
can be kept extremely low. 

[0078] The width W of the high polymer elastic layer 40 
in the seal line direction should preferably be set to 
fall within a range of from 1 to 10 mm, more preferably, 
2 to 7 mm. The thickness t of the high polymer elastic 
layer 40 should preferably be set to fall within a range 
of from 1 to 100 |im, more preferably, 2 to 50 jam. The 
high polymer elastic layer 40, although it is formed in 
a limited space, makes it possible to attain sufficiently 
high sealability. 

[0079] When the metal thin sheet 30 is brought into direct 
contact with the high polymer membrane 2 0, if, for example , 
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the vertex of the seal ing pro j ec t ion i s in a deformed state, 
a minute gap will possibly be developed between the 
deformed part of the vertex and the surface of the high 
polymer membrane 2 0, in consequence whereof there results 
leakage of fluid through the gap. With consideration 
given to this fact, in the case of providing an elastic 
body, namely the high polymer elastic layer 40 in the 
sealing section 14, as the vertex 19 is placed in a 
pressure-contact state under a resilient force, the part 
of contact with the high polymer membrane 20 is caused 
to deform, thus preventing occurrence of a gap between 
the vertex and the high polymer membrane 20. This helps 
improve the sealability. 

[0080] The high polymer elastic layer 40 is made of rubber 
or synthetic resin. The preferred examples of usable 
general -purpose rubber materials include: isoprene 
rubber; butadiene rubber; s tyrene-butadiene rubber; 
butyl rubber; ethylene-propylene rubber; 

f luorine- containing rubber; silicon rubber; andnitrile 
rubber. In addition, epi chlorohydr in- containing rubber 
which exhibits impermeability to gaseous substances and 
heat resistance can be used. Especially the use of 
addi t ion -polymer i zed allyl- series poly i sobu ty lene i s 
desirable because of its excellent heat resistance and 
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acid resistance. 

[0081] Taken up as the preferred examples of usable 
synthetic resin materials are epoxy resin, 
urethane-acry la te resin, polyamide resin, silicon resin, 
and fluorine-containing resin. Especially the use of 
highly corrosion-resistant fluorine-containing resin is 
desirable. The specific examples thereof include: PTFE 
(polytetra f luoroethylene ) ; PFA (tetra 

f luoroe thylene-per f luoroalkyl vinylether copolymer) ; 
FEP ( tetra f luoroe thy 1 en e-hexaf luoropr opy lene 
copolymer) ; EPE 

( te tra f luoroe thy lene -hexa f luoropr opy 1 en e- per f luoroa lk 
yl vinylether copolymer); ETFE 

( tetraf luoroethylene- ethylene copolymer) ; PCTFE 

(polychloro tri f luoroetylene ) ; ECTFE (chloro 

tri f luoroetylene-ethylene copolymer) ; PVDF 

(polyvinylidene fluoride) ; PVF (polyviny fluoride) ; THV 

(tetra f luoroe thy lene- hexaf luor opr opy 1 ene- vinyl i dene 

fluoride copolymer) ; VDF-HFP (vinylidene 

f luor ide-hexaf luoropropy lene copolymer); and TFE-P 

(vinylidene f luor ide-propy lene copolymer) . 

[0082] The high polymer elastic layer 40 is brought into 

intimate contact with the metal thin sheet 30. 

Specifically, for example, in a case where the metal thin 
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sheet 30 has its surface roughed up by oxidation, the 
intimate contact can be established by exploiting an 
anchor effect. It is also possible to use an adhesive 
to achieve the same effect. The preferred examples 
thereof include: a resin-base adhesive such as a phenol 
resin adhesive, a resorcinol resin adhesive, a silicon 
resin adhesive, and a polyurethane adhesive; 
heat-resistant structural adhesive such as a polyimide 
adhesive, a polyamideimide adhesive , a polybenz imidazole 
adhesive, and a polyoxadiazole adhesive; an instant glue 
such as a- cyanoacry lat e ; and a low-bri ttleness 
nylon-epoxy resin or nylon-phenol resin adhesive prepared 
by blending thermosetting resin (epoxyresin, phenolresin, 
or the like) with thermoplastic resin (nylon, acetal resin, 
or the 1 ike ) and elastomer (nitri le rubber , silicon rubber , 
or the like ) . 

[0083] Note that the high polymer elastic layer 40 does 
not necessarily have to be stuck firmly to the metal thin 
sheet 30; that is, the high polymer elastic layer 40 and 
the metal thin sheet 30 may be at various intimate-contact 
strength levels according to the circumstances and 
requirements. For example, the high polymer elastic 
layer 40 is brought into intimate contact with the metal 
thin sheet 30 in a lightly attached state, an adherent 
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state, a lightly bonded state, and a tightly bonded state . 
Even if the lightly attached state is selected, by 
obtaining an appropriate fastening contact pressure, 
sufficiently high sealing capability can be attained. 
However, if a pressure greater than the fastening contact 
pressure is applied in a lateral direction relative to 
the fastening direction, inconveniently, the polymer 
elastic layer 40 will be displaced sideward or come off. 
To avoid this, it is desirable to perform surface roughing 
treatment . 

[0084] Fig. 8 is an enlarged view of a third embodiment, 
illustrating the main portion of the separating section 
13. In the third embodiment, the separator 1 is composed 
of a metal thin sheet 30 and a coating layer 3 1 . The coating 
layer 31 is so formed as to cover the surface of the metal 
thin sheet 30. In the separating section 13, the coating 
layer 31 makes contact with the catalytic electrode 21 
to take out the DC power generated at the interface between 
the high polymer membrane 20 and the catalytic electrode 
21 as a DC current. The DC current thus obtained passes 
through the interior of the separator 1 so as to be 
collected by the power collector plate. The coating layer 
31 is made of rubber or synthetic resin which exhibits 
electrical conductivity. The preferred examples of 
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usable general -purpose rubber materials include: 
isoprene rubber; butadiene rubber; s tyrene-butadiene 
rubber; butyl rubber; and ethylene-propyl ene rubber . It 
is also possible to use an electrically conductive rubber 
material formed of special rubber such as 
epi chlorohydr in- containing rubber having impermeability 
to gaseous substances and heat resistance added with 
carbon filler. Especially the use of 

addition-polymerized allyl-series poly i sobutyl ene added 
with carbon filler is desirable. 

[0085] In the case of selecting synthetic resin, it is 
possible to use an electrically conductive synthetic resin 
material formed of phenol resin, epoxy resin, 
f luor ine- con taining resin, or the like resin added with 
carbon filler. Especially, just as is the case with the 
polymer elastic layer 40, the use of highly 
corrosion-resistant fluorine-containing resin is 
desirable, but it needs to be added with carbon filler 
when used for the coating layer 31. 

[0086] In order for the coating layer 31 to be applied 
to the surface of the metal thin sheet 30 properly, for 
example, the metal thin sheet 30 has its surface roughed 
up by oxidation to form a sur face- treat ed layer. This 
makes it possible to increase the adherability between 



41 



New PCT National Phase Application 

Docket No. 2691-000044/US 

the metal thin sheet 30 and the coating layer 31 by 
exploiting an anchor effect. 

[0087] Fig. 9 is an enlarged view of the third embodiment, 
illustrating the main portion of the sealing section 14. 
In the sealing section 14, the coating layer 31 makes 
contact with the high polymer membrane 20 to effect 
sealing . 

[0088] When the metal thin sheet 30 is brought into contact 
with the high polymer membrane 20, if the vertex 19 of 
the sealing projection is in a deformed state, a minute 
gap will possibly be developed between the deformed part 
of the vertex and the surface of the high polymer membrane 
20, in consequence whereof there results leakage of fluid 
through the gap. With consideration given to this fact, 
in the case of providing the coating layer 31 formed as 
an elastic body using rubber or the like material, as the 
vertex 19 is placed in a pressure-contact state under a 
resilient force, the part of contact with the high polymer 
membrane 20 is caused to deform, thus preventing 
occurrence of a gap. This helps improve the sealability. 

[0089] Fig. 10 is an enlarged view of a fourth embodiment, 
illustrating the main portion of the sealing section 14. 
Also in the fourth embodiment, the separator 1 is composed 
of a metal thin sheet 30 and a coating layer 3 1 . The coating 
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layer 31 is so formed as to cover the surface of the metal 
thin sheet 30. In the sealing section 14, just as in the 
case of the first embodiment, the sealing projection has, 
in its area to be contacted by the high polymer membrane 
20, a high polymer elastic layer 40 which is brought into 
abutment with the high polymer membrane 20 to effect 
sealing. In this regard the fourth embodiment is 
different from the third embodiment. The high polymer 
elastic layer 40 is made of a material similar to that 
used in the second embodiment. 

[0090] Fig. 11 is an enlarged view of a fifth embodiment, 
illustrating the main portion of the separating section 
13. In the fifth embodiment, the separator 1 is composed 
of a metal thin sheet 3 0 , a coat ing layer 3 1 , and an adherent 
layer 32. The coating layer 31 is so formed as to cover 
the surface of the metal thin sheet 30, with the adherent 
layer 32 lying therebetween. In the separating section 
13, the coating layer 31 makes contact with the catalytic 
electrode 21 to take out and collect a generated DC power 
as a DC current. The coating layer 31 may be made of a 
rubber material similar to that used in the third 
embodiment . 

[0091] The adherent layer 32 is created as a diffusion 
layer on the surface of the metal thin sheet 30 through 
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application of a coating of an electrically conductive 
coupling agent typified by a triazine thiol -base compound, 
as well as a coating of doped electrically conductive 
polymer typified by a polyaniline-base compound. The 
triazinethiol- or polyaniline-base compound diffused 
over the surface of the metal exhibits electrical 
conductivity, thus ensuring electrical conduc t i vi ty wi th 
respect to the resin layer 32 so as to take out a generated 
DC power as a DC current. 

[0092] Fig. 12 is an enlarged view of the fifth embodiment , 
illustrating the main portion of the sealing section 14 . 
In the sealing section 14, the coating layer 31 makes 
contact with the high polymer membrane 20 to effect sealing. 
The coating layer 31 and the adherent layer 32 are each 
made of a material similar to that used in the separating 
section 13 . 

[0093] Fig. 13 is an enlarged view of a sixth embodiment, 
illustrating the main portion of the sealing section 14. 
In the sixth embodiment,, the separator 1 is composed of 
a metal thin sheet 30, a coating layer 31, and an adherent 
layer 32. The coating layer 31 is so formed as to cover 
the surface of the metal thin sheet 30, with the adherent 
layer 32 lying therebetween. In the sealing section 14, 
the sealing projection has, in its area to be contacted 
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by the high polymer membrane 20, a high polymer elastic 
layer 40 which is brought into abutment with the high 
polymer membrane 20 to effect sealing. In this regard 
the sixth embodiment is different from the fifth 
embodiment. The high polymer elastic layer 40 is made 
of a material similar to that used in the second embodiment . 
[0094] Fig. 14 is an enlarged view of a seventh embodiment , 
illustrating the main portion of the separating section 
13 . In the seventh embodiment , the separator lis composed 
of a metal thin sheet 30, a coating layer 31, an adherent 
layer 32, and a high conductive layer 33. The high 
conductive layer 33 is formed in a region of the coating 
layer 31 which makes contact with the catalytic electrode 
21. The high conductive layer 33 is higher in electrical 
conductivity than the coating layer 31. 

[0095] In a case where the rate of power collection is 
lower than desired because of a high contact resistance 
between the coating layer 31 and the catalytic electrode 
21, by forming the high conductive layer 33 in the region 
of the coating layer 31 which makes contact with the 
catalytic electrode 21, it is possible to reduce the 
contact resistance and thereby increase the power 
collection rate. The high conductive layer 33 should 
preferably be made of reactive elastomer added with 
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nanocarbon . 

[0096] Fig. 15 is a horizontal sectional view of the unit 
cell 101 including the separator 1 in accordance with 
another embodiment of the invention. As shown in the 
figure, one of the separators 1 constituting the unit cell 
101 may be provided with a sealing projection having a 
trapezoidal sectional profile so as to make 
surface-contact with the high polymer membrane 20. 
Alternatively, as shown in Fig. 16, both of the separators 
1' constituting the unit cell 101 may be provided with a 
sealing projection having a trapezoidal sectional profile 
so as to make surface-contact with the high polymer 
membrane 2 0 . 

[0097] Fig. 17 is a horizontal sectional view of a unit 
cell 102 including a separator la. In the description 
as to the unitary cell 102, the components that play the 
same or corresponding roles as in the unit cell 101 shown 
inFig. 2 willbe iden t i f i ed wi th the same reference symbols , 
and overlapping descriptions will be omitted. Therefore, 
only the different configurations of the unit cell 102 
than in the unit cell 101 will be explained hereinbelow. 
The separator la is composed of a separating section 13 
and a sealing section 14a. A fuel cell 2a is composed 
of a high polymer membrane 20 and a catalytic electrode 
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21a. The catalytic electrode 21a is, in contrast to the 
embodiments thus far described, so formed as to cover the 
entire surface of the high polymer membrane 20. 
Accordingly, in the sealing section 14a, the vertex 19 
of the sealing pro j ect ion is brought into pressure- contact 
with the catalytic electrode 21a instead of the high 
polymer membrane 20. In order to bring the vertex 19 of 
the sealing projection into pres sure- con tac t with the 
catalytic electrode 21a successfully under a resilient 
force, the sealing section 14a is formed in a manner such 
that, when the separator 1 is kept out of contact with 
the catalytic electrode 21, namely when the PEFC 1 is in 
its yet-to-be assembled condition, the vertex 19 of the 
sealing projection extends beyond a virtual surface A of 
contact with the catalytic el ectrode 21 . That is, in the 
present embodiment, the sealing section 14a is designed 
under the condition that the value tl indicated in Fig. 
3 is given as 0. Therefore, just as in the case of the 
preceding embodiment, by making changes to the value t2 
at the time of press working, it is possible to adjust 
the sealing pressure with ease. 

[0098] Fig. 18 is an enlarged view of an eighth embodiment , 
illustrating the main portion of the sealing section 14a. 
In the eighth embodiment, the separator la is composed 
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of a metal thin sheet 30. In the sealing section 14a, the 
metal thin sheet 30 makes contact with the catalytic 
electrode 21 to effect sealing. 

[0099] Fig. 19 is an enlarged view of a ninth embodiment, 
illustrating the main portion of the sealing section 14a. 
In the ninth embodiment, the separator la is composed of 
a metal thin sheet 30 and a coating layer 31. The coating 
layer 31 is so formed as to cover the surface of the metal 
thin sheet 30. In the sealing section 14a, the coating 
layer 31 makes contact with the catalytic electrode 21 
to effect sealing. The coating layer 31 may be made of 
a material similar to that used in the third embodiment. 
[00100] Fig. 20 is an enlarged view of a tenth embodiment , 
illustrating the main portion of the sealing section 14a. 
In the tenth embodiment, the separator 1 is composed of 
a metal thin sheet 30, a coating layer 31, and an adherent 
layer 32. The coating layer 31 is so formed as to cover 
the surface of the metal thin sheet 30, with the adherent 
layer 32 lying therebetween. In the sealing section 14, 
the coating layer 31 makes contact with the catalytic 
electrode 21 to effect sealing. The coating layer 31 may 
be made of a material similar to that used in the third 
embodiment, and the adherent layer 32 may be made of a 
material similar to that used in the fifth embodiment. 
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[00101] Fig. 21 is a schematic view showing the unit 

cell 101 as seen from a side. The separating section 13 
is not always formed so as to cover the entire surface 
of the fuel cell 2 and thus, as shown in Fig. 21, there 
may be a case where the seal line L is kept in an unbalanced 
state. This gives rise to lack of uniformity in the 
distribution of contact pressure which occurs between the 
separator 1 and the fuel cell 2 at the time of assembly, 
in consequence whereof there results improper contact at 
the separating section 13. In order to prevent this, in 
a region other than the sealing section 14 is disposed 
another projection analogous to the sealing projection 
(auxiliary projection) . As shown in the figure, the 
location where the auxiliary pro j ection is abutted against 
the high polymer membrane 20 is indicated by an abutment 
line M . By forming the auxiliary projection in a manner 
such that the abutment line M and the seal line L are 
distributed evenly within the fuel cell 2 surface, it is 
possible to make the contact pressure distribution 
uni f orm . 

[00102] Next, a description will be given below as to 
a method for manufacturing the separator 1. As for the 
first and eighth embodiments, the separator 1 is composed 
of themetal thin sheet 30, and thus the separating section 
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13 and the sealing section 14 are formed integrally with 
each other by means of press working. Specifically, the 
sealing proj ect ion is formed by performing beading process 
on the outer periphery of the metal thin sheet 30, and 
the channel is formed by performing embossing process on 
the midportion thereof. 

[00103] As for the third, fifth, ninth, and tenth 

embodiments , the separator 1 can generally be constituted 
by the following two manufacturing methods. According 
to the first method, at the outset the metal thin sheet 
30 is subjected to press working to form the separating 
section 13 and the sealing section 14 in a single-piece 
construction. Specifically, the sealing projection is 
formed by performing beading process on the outer 
periphery of the metal thin sheet 30, and the channel is 
formed by performing embossing process on the midportion 
thereof. Subsequently, a rubber coating is applied to 
form the coating layer 3 1 . According to the second method , 
a platy thin metal is coated with a rubber material, 
followed by performing press working thereon. 
[00104] As for the seventh embodiment, just as in the 

case of the third, fifth, ninth, and tenth embodiments, 
in the metal thin sheet in a rubber-coated state, a coating 
is selectively applied only to the region to be contacted 
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by the catalytic electrode 2 1 by means of a spray technique , 
a transference technique, a screen printing technique, 
a stencil printing technique, etc. 

[00105] In the embodiments thus far described, in 

addition, heating treatment is carried out at a 
temperature of 130-C or above to cure the metal thin sheet 
30 while cross- linking the rubber material. 

[00106] As for the second, fourth, and sixth 
embodiments, the separator is constituted in accordance 
with the following process steps. 

(1) Step for processing a metal thin sheet 

A sheet-like metal thin sheet is subjected to 
predetermined treatment to attain sufficient 
adherability with rubber , for example the surface roughing 
treatment (refer to the fourth embodiment) and the 
adherent- layer formation process (refer to the sixth 
embodiment ) . 

(2) Step for stamping 

The surf ace- treated metal thin sheet is subjected 
to die stamping to obtain a predetermined configuration 
and gas flow paths. 

(3) Step for forming a coating layer 

The stamped metal thin sheet has its surface coated 
with liquid-type conductive rubber containing 
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electrically conductive carbon filler, or has its surface 
laminated with green sheet-like conductive rubber. For 
example, poly i sobuty lene rubber can be used as the 
liquid- type conductive rubber. Note that this process 
step is not included in the course of manufacture of the 
second embodiment, because it has no coating layer. 

(4) Step for forming a high polymer elastic layer 

A high polymer elastic layer is formed in a region 
of the metal thin sheet or the coating layer which is formed 
into the vertexof the sealing pro j ection . Specifically, 
the high polymer elastic layer is formed by the following 
two methods: using a solution prepared by dissolving a 
rubber or synthetic resin material in a solvent ; and using 
a reactive solution containing monomer, oligomer formed 
into a rubber or synthetic resin material. 
[00107] Moreover, such a solution or reactive solution 
may be applied to a predetermined region by means of screen 
printing, gravure print ing , stencil printing , or the like 
technique . 

(5) Step for press working 

Press working .is carried out to form the channels 
of the separating section 13 and the sealing projection 
of the sealing section 14. The separating section 13 and 
the sealing section 14 can be formed at one time during 
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the press working. 

(6) Step for vulcanization treatment 

[00108] The high polymer elastic layer and the coating 
layer are vulcanized through application of heat. Note 
that the BH (Baked Hardening) treatment on the metal thin 
sheet and the cross-linking treatment on the rubber layer 
can be conducted at the same time by performing heating 
in the course of the press working. By subjecting the 
metal thin sheet to the BH treatment, it is possible to 
attain higher heat resistance, as well as to retard stress 
alleviation in the sealing section 14, and thereby 
maintain satisfactory sealability. 

[00109] A predetermined number of the separators 1 and 
the fuel cells 2 thus constructed are arranged in an 
alternating manner. Then, the power collector plate 3 
and the insulating sheet 4 are disposed externally of the 
arrangement. Lastly, the end flanges 5 are disposed so 
as to have sandwiched therebetween all of the components 
firmly, thus realizing the PEFC 100. 

[00110] The separators of the second, fourth, and sixth 
embodiments were actually produced as implementation 
examples under the following conditions. 

[00111] The implementation examples shared a common 

metal thin sheet. The metal thin sheet is formed of a 



New PCT National Phase Application 

Docket No. 2691-000044/US 

SUS 304-made thin sheet which is 10 cm in length, 10 cm 
in width, and 0.2 mm in thickness. The surface of the 
metal thin sheet was roughed up by sand blast process. 
The metal thin sheet was then subjected to press working 
to form a sealing projection along its outer periphery, 
as well as to form separation channels in its midportion. 
(Example 1) 

[00112] A one-component thermosetting olef in-base 
sealing material (Threebond 1152 (tradename) 
manufactured by Three Bond Co. , Ltd. ) is printed in a part 
of the metal thin sheet which is formed into the vertex 
of the sealing projection by means of screen printing, 
and is then heated to cure for 40 minutes at a temperature 
of 120 2 C. In this way, a 25 to 30 jam-thick high polymer 
elastic layer is formed. Upon the completion of the heat 
hardening treatment, the sealing projection is formed by 
means of press working. 

( Example 2 ) 

[00113] The sealing projection is formed in advance 

by means of press working. Then, a sealing material 
prepared by admixing chlorosul f onic polyethylene, an 
inorganic filler, and a solvent (Threebond 1104 

(tradename) manufactured by Three Bond Co., Ltd.) is 
printed onto the vertex of the sealing projection, 
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followed by performing heat hardening treatment thereon. 
In this way, a 15 to 20 pm-thick high polymer elastic layer 
is formed. 

( Example 3 ) 

[00114] The sealing projection is formed in advance 

by means of press working. Then, as a photosetting 
adhesive, silicon PSA is ejected onto the vertex of the 
sealing projection through a needle-shaped nozzle, 
followed by performing light irradiation thereon as 
hardening treatment. In this way, a 15 to 20 jam-thick 
high polymer elastic layer is formed. 

( Example 4 ) 

[00115] The surface of the SUS 304-made thin sheet is 
roughed up by sand blast process, and is then subjected 
to primer treatment using polyaniline. Subsequently, an 
admixture of addition-polymerized allyl-series 
polyisobutylene and electrically conductive carbon 
graphite is applied thereto in a thickness of 50 jam, 
followed by performing heat hardening treatment thereon 
for two hours at a temperature of 13 0 2 C, whereby a coating 
layer is formed. After that, just as in the case of 
Implementation example 1, a one- component thermosetting 
olefin-base seal ing material (Threebond 1152 (tradename) 
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manufactured by Three Bond Co. , Ltd. ) is printed in a part 
of the coating layer which is formed into the vertex of 
the sealing projection by means of screen printing, and 
is then heated to cure for 40 minutes at a temperature 
of 120 2 C. In this way, a 25 to 30 pm-thick high polymer 
elastic layer is formed. Upon the completion of the heat 
hardening treatment, the sealing projection is formed by 
means of press working. 
( Example 5 ) 

[00116] The surface of the SUS 304-made thin sheet is 

roughed up by sand blast process, and is then subjected 
to primer treatment using polyaniline . Subsequently, an 
admixture of addition-polymerized allyl-series 
polyi sobuty lene and electrically conductive carbon 
graphite is applied thereto in a thickness of 50 \im, 
followed by performing heat hardening treatment thereon 
for two hours at a temperature of 130 9 C, whereby a coating 
layer is formed. After the sealing projection is formed 
by means of press working, a sealing material prepared 
by admixing chlorosul f onic polyethylene, an inorganic 
filler, and a solvent (Threebond 1104 (tradename) 
manufactured by Three Bond Co. , Ltd. ) is printed onto the 
vertex of the sealing projection, followed by performing 
heat hardening treatment thereon. In this way, a 15 to 
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20 vim-thick high polymer elastic layer is formed. 
(Comparative example ) 

[00117] Channels are formed in the SUS 304-made thin 
sheet by means of press working. Instead of forming the 
sealing projection, a 1 mm-thick poly i sobuty 1 ene-base 
flat sheet gasket is disposed in the region corresponding 
to the outer periphery of the SUS 304-made thin sheet where 
the sealing projection is formed as in the implementation 
examples . 

[00118] A sealing test was conducted on each of Examples 
1 through 5 and Comparative example. Specifically, a 
stack of four pieces of the separators is held by a 10 
mm-thick steel sheet, with use of a bolt, in such a way 
as to fasten the adjoining separators to each other in 
the direction of stacking the separators. Then, air is 
blown into the inlet hole drilled in the separating section 
to check presence or absence of air leakage. 
[00119] All of Examples 1 through 5 showed no signs 
of air leakage and exhibited excellent sealing capability. 
By way of contrast , air leakage was observed in Comparative 
example . 

[00120] The invention may be embodied in other specific 

forms without departing from the spirit or essential 
characteristics thereof. The present embodiments are 
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therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being 
indicated by the appended claims rather than by the 
foregoing description and all changes which come within 
the meaning and the range of equivalency of the claims 
are therefore intended to be embraced therein. 

Industrial Applicability 

[00121] As described heretofore, according to the 

invention, it is no longer necessary to prepare a sealing 
member such as an O-ring or a gasket that has conventionally 
been required to effect sealing. Therefore, the number 
of constituent components of a fuel cell-? — aa well as the 
number — of manufacturing proccoa — o tcpo , can be reduced 
successfully . 

[00122] According to the invention, since the 

separating section and the sealing section are formed 
integrally with each other, the number of manufacturing 
process steps can be reduced successfully. 

[00123] According to the invention, being made of a 

metal sheet , it is possible to perform plastic deformation 
processing with ease. 

[00124] According to the invention, in performing 

plastic deformation processing on the separator, all that 
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needs to be done is simply to create channels and a sealing 
proj ec t ion . 

[00125] According to the invention, the sealing 
projection has, at least in its area to be contacted by 
an electrolyte layer, a high polymer elastic layer formed 
of an elastic body. This helps improve the sealability 
even further . 

[00126] According to the invention, the high polymer 
elastic layer, although it is formed in a limited space, 
makes it possible to attain sufficiently high sealability . 
@ 12 3 — According — fere — the — invention , — two — or more piccco — e-f- 
thc ocaling projectiono arc provided, with their vertices 

abutted — againo t — the — electrolyte — layer . Arfe — this — time , 

given — that — the — location of — abutment between — the vertex 
and the electrolyte layer io imaginarily indicated by an 
abutment line, by arranging the two or more abutment lines 
in parallel — wi th — each other, — 3r-t — i-s — poooible — fe-e — improve 
the — 3calabi 1 i ty — even — further . 

[00127] According to the invention, it is possible to 
avoid any inconvenience such as improper contact which 
occurs between the separator and an electrolyte assembly 
due to for example tilting of the separator in the course 
of assembly . 

[00128] According to the invention, the metal sheet 



59 



New PCT National Phase Application 

Docket No. 2691-000044/US 

has its surface coated with a rubber- or synthetic 
resin-made layer. The use of such a metal sheet makes 
it possible to produce a separator which is excellent in 
workability and corrosion resistance. 

[00129] According to the invention, the — rubber — — 
synthetic resin material contained in the coating layer 
exhibits electrical conductivity, wherefore the DC power 
generated in the electrolyte assembly can be taken out 
and collected by way of the separator. 

0127 — According — tro — tho — invent ion, — the — coating — layer — m- 
so formed as to cover the s urface of the metal plate, with 
an adherent — layer — — a — surface — treated — layer — lying 

therebetween . In a caoo where the adhorability of — tho 

coating layer and tho metal plate io found to bo low, tho 
insertion of tho adherent layer or surface — treated layer 

irs — effective . Tho — surface — treated — layer — ars — formed by 

removing tho oxide film deposited on the surface of tho 
metal plate or by subjecting tho surface of tho metal plate 

fee — surface — roughing — treatm e nt * Through — tho — 

s urface — treated layer thu s obtained, — the coating layor 

can bo formed on the surface of tho metal plate . Moreover, 

in tho case of using a rubber material to form tho coating 

layor i — as — an — adhe s ive — for use, — a — tr iag ino thiol — 

poly aniline - base — compound — m — desirable 4 Tho — 
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triaz ino thiol — base — compound — i-s — dif f used — around — tho — 
surface of the metal plate, thoroby forming the adherent 

layor * Tho adherent layor thu s obtained allow s adh es ion 

o-i — tho metal — plate — — the — rubber material . Another — 

advantage — ir& — that — the — triae ino thiol — ba s e — compound — 
exhibits electrical conductivity/ wherefore tho DC power 
generated in tho electrolyte assembly can be taken out 
and — collected by way — — tho — separator . 

[00130] According to the invention, it is possible to 
reduce the contact resistance between the separator and 

the electrolyte assembly . @12 9 According — fere — the — 

invention , — the — o epara t or — ±-3 — produced — ana — tho — f ol lowing 

manner . At the outset, — as a processing step, — tho metal 

plate is subjected to plastic deformation processing to 
form — the — separating — section . 

013 0 — Next , — a-s — a — coating — atop, — the — surface — e-f — the — 
deformation — processed metal plate io coated with a rubber 
o^e — synthetic — rosin material — fee — form the — coating — layer . 
@13 1 — In the alternative, at the outset, as a coating step, 
the — surface — e^ — the metal — plate — ±s — coated with a — rubber 
e-3? — synthetic — resin material — fee — form the — coating — layer ■ 
Next , — a-s — a processing — s t cp , — the metal — plate — having — the 
coating — layer — formed — thereon — i-s — sub j cc ted — fee — plastic — 
deformation processing to — form the — separating — section . 
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@132 — Ete — thio — way , — a — separator which — i-s — excel lent — ana — 
workability and corrosion rcoiotancc can be produced in 
a — simple — fashion . 

@ 1 3 3 — From the productivity standpoint in particular, the 
manufacturing method for conducting the processing step 
and the coating step successively in this order is suitable 

for — low fe^e — middle — volume — production , — whereas — the — 

manufacturing method for conducting the coating step and 
the processing step successively in this order is suitable 
for — high volume — production . 
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